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THE APPLICATION OF THE SPECIES SPECIFIC DEFENSE
REACTION HYPOTHESIS TO FREE OPERANT AVOIDANCE

Deborah Ann Cory, M.A.
Western Michigan University, 1972

The present series of experiments attempted to apply Bolles'
(1971) species specific defense reaction hypothesis to the free oper
ant escape-avoidance procedure by providing simulated escape routes
behind the response levers.

Subjects were trained on a Sidman

avoidance procedure combined with an escape contingency such that
responses on one lever postponed shock while responses on another
lever were required to terminate any shock that the subjects failed
to avoid.

The results indicated that subjects who were exposed to

the escape-avoidance procedure with openings behind both levers or
no openings behind levers showed more effective avoidance behavior
than subjects with openings behind only one response lever.

Subjects

previously trained with an opening behind the escape lever showed
more effective avoidance behavior when re-exposed to the avoidance
procedure with openings behind both levers, regardless of whether
the re-exposure followed a delay or occurred within a session.
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EXPERIMENT I

The purpose of the present series of experiments was to examine
the function of specific apparatus conditions and other related
factors that influence the acquisition and subsequent patterns of
escape-avoidance responding.

Bolles (1971) hypothesized that the

acquisition of avoidance behavior is facilitated if the specified
avoidance response is, or approximates, a species specific defense
reaction (e.g., running or freezing in the case of the rat).

Based

on this hypothesis, the present experiment sought to manipulate the
acquisition of escape-avoidance behavior by providing openings immed
ately behind the response levers as a simulated escape route.
Bolles (1969, 1971) exposed three groups of rats to a discrimi
nated avoidance procedure.

One group was required to run to avoid

shock, another to turn around in one spot and the third to rear up
on their hind legs.

Groups were further subdivided so that for one

subgroup the escape response was the same as the avoidance response,
whereas for the other two subgroups the escape response was one of
the other two avoidance responses.

The results showed that when

running was the avoidance response, all subjects learned to avoid
regardless of the specified escape response.

In the group requiring

rearing as the avoidance response, no subject learned to avoid.

In

the group requiring turning as the avoidance response, the subgroup
with turning also as the escape response showed modest learning.
When the escape response was running or rearing, avoidance behavior
did not develop.

Thus, only a natural defense reaction to shock, or
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approximations to it, resulted in effective avoidance behavior.

In

addition, Bolles (1971) suggests that lever press avoidance is not an
effective avoidance response, since it is not a natural defense reac
tion of the organism.

However, the fact remains that many organisms

do learn to avoid shock when a lever press is the specified response.
In attempting to explain the inconsistency between the acquisition of
a lever press avoidance response by some organisms and his species
specific defense reaction hypothesis, Bolles has postulated that
behavior passes through three phases.
on the bar.

The organism must first freeze

The second phase involves minimizing the shock which is

accomplished partly by making adventitious avoidance responses, but
mostly by quick escape responses.

In the third phase, the organism's

fear begins to dissipate and consequently there is a relaxation of
the restrictions upon the organism's response repertoire.
Boren (1961) has reported the use of a free operant avoidance
procedure which includes an escape contingency.

In this procedure,

subjects can postpone shock onset by responding on one lever but must
press another lever to terminate any shock they fail to avoid.

Boren

reported that almost all subjects trained with this procedure learned
to respond steadily on the avoidance lever and to press the escape
lever only in the presence of shock.

Bolles (1971) has questioned

whether Boren's (1961) procedure involves two responses or one response
under the control of two sets of temporal and situational stimulus
patterns.

In the present procedure, the simulated escape routes

behind the levers may provide a means for changing the probability of
lever press responses on the basis of the animal's natural defense
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reactions.

In addition, those situations where an opening occurs

behind one response lever but not the other would involve two different
responses.

Bolles (1971) cites five major areas of difficulty which

are found with lever press avoidance, but are not encountered when
the response is a species specific defense reaction.
Previous investigations of avoidance behavior have pointed out
five major problems.

These five problems are post-shock bursting

(Sidman, 1958; Ellen and Wilson, 1964; Weissman, 1962: Stone, 1966
and Boren, 1961), variability of performance between subjects (Ellen
and Wilson, 1964; Weissman, 1962; Stone, 1966 and Sidman, 1966), the
failure of subjects to acquire avoidance behavior (Weissman, 1962 and
Herrnstein, 1969), warm-up (Hoffman, 1966; Hoffman, Fleshier and
Chorny, 1961; Nakumura and Anderson, 1962; Weissman, 1962 and Clark
and Hull, 1966) and the deterioration of avoidance performances over
time (Anderson and Nakumura, 1964 and Coons, Anderson and Myers, 1960).
A marked variability in performance between organisms exposed
to the free operant avoidance procedure has been reported.

Ellen and

Wilson (1964) have observed two patterns of avoidance responding, a
continual-responding and a burst-responding pattern.

The bursting

pattern involved a burst of responses after shock onset followed by
a pause until the next shock occurrence.

These authors have also

found that once the organism learns the burst-responding pattern, it
does not shift into the continual-responding pattern regardless of
long term exposure to the avoidance procedure.

Weissman (1962) has

reported large differences between organisms in avoidance response
rates, shock rates, warm-up and post-shock bursting.

In examining
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the effect of different shock-shock intervals, Stone (1966) has shown
large differences in response rates within each group.

Sidman (1966)

has attributed this variability in performance between organisms to
the delay of reinforcement for the avoidance response.

This delay may

make it difficult for the organism to discriminate those aspects of
its behavior which have resulted in successful avoidance of shock.
Sidman further states that there are a number of possible sources of
reinforcement available, and that different stimulus events may func
tion as reinforcers for different organisms.

The possibility of a

shift from one source of reinforcement to another during exposure to
the avoidance situation is also mentioned.
Post-shock bursting as a component of the avoidance performance
has been reported by several investigators (Boren, 1961; Ellen and
Wilson, 1964; Weissman, 1962; Stone, 1966 and Sidman, 1958).

When the

escape and avoidance responses occurred on separate response levers,
Boren (1961) found that bursts of responding following shock termina
tion occurred entirely on the escape lever.

Ellen and Wilson (1964)

have specified bursting as a primary component of the burst-responding
pattern of avoidance behavior previously mentioned.

Weissman (1962)

has presented cumulative records illustrating both "weak" and "strong"
post-shock bursting behavior.

Stone (1966) has referred to organisms

who exhibit this bursting phenomenon as "post-shock responders."
Stone found that 8 out of 10 organisms exposed to a Sidman avoidance
procedure (Response-Shock interval of 20 seconds and Shock-Shock in
terval of 10 seconds) were post-shock responders in the tenth session.
Sidman (1958) has nott ’ shock produced bursts of responding as well as
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bursts not correlated with an immediately preceeding shock.

Sidman

attributed the initiation of the latter type of bursting to pauses
that would have produced shocks had they been prolonged for a few
more seconds.

It is suggested by Sidman that termination of non

avoidance behavior immediately prior to shock may initiate bursts of
responses which generalize from this "danger period" to the "safe
period" following shock termination.
A warm-up phenomenon is described by Hoffman (1966) as a within
session improvement and between session decrement in avoidance re
sponding.

Hoffman, Fleshier and Chorny (1961) reported a warm-up

phenomenon using a discriminated avoidance procedure.

This warm-up was

eliminated by the deliverance of 40 unsignalled and inescapable shocks.
Nakumura and Anderson (1962) have reported similar warm-up data.
Weissman (1962) found that in a free operant avoidance procedure,
initial poor performance generally occurred within the first 20 minutes
of a 4 hour session.

Clark and Hull (1966) exposed rats to a Sidman

avoidance procedure in which Response-Shock and Shock-Shock intervals
were equal.

The intervals varied from 10 to 60 seconds in length.

These authors reported that warm-up occurred for approximately the
first hour of a 6 hour session.

Warm-up was reported to require about

the same time under all schedules.
as a motivational phenomenon.

Hoffman (1966) describes warm-up

This theory states that as shocks

occur, their motivational aftereffects persist and cumulate to produce
an emotional state which subsequently facilitates avoidance responding.
When the subject is removed from the situation, the motivational state
is dissipated.
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Using a discriminated avoidance procedure, Coons, Anderson and
Myers (1960) have shown the deterioration of avoidance responding over
trials, with no significant difference between groups exposed to 2
hour training sessions.

Similar results were reported by Anderson and

Nakumura (1964) in a discriminated avoidance task.
Weissman (1962) has stated the necessity of discarding about
20% of the original group of subjects during the initial stages of
Sidman avoidance training.

These subjects were eliminated from the

experiment due to poor physical health or death which Weissman asserts
were correlated with failure to develop adequate shock avoidance
behavior.

Herrnstein (1969) reports that approximately 25% of his

subjects fail to learn shock avoidance in the free operant avoidance
situation.
An early study by Sidman (1954) showed that avoidance condi
tioning is not a product of a temporal discrimination.

Analyses of

IRTs obtained from the performances of rats and cats in a Sidman
avoidance procedure indicated a random distribution of responses.

In

another study by Sidman (1962), shocks were scheduled to occur every
15 seconds.

A response within a specified period of the 15 second

cycle began at the same point.

The interval within which a response

would postpone shock was varied in length, as was its position within
the 15 second cycle.

Severe limitations were placed on the avoidance

interval resulting in the formation of a temporal discrimination,
but a decline in the efficiency of shock avoidance.
Experimenters have postulated various events which may function
as the reinforcer for avoidance responding.

Two-factor theorists
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have proposed chat the avoidance response is actually an escape
response maintained by the termination of some conditioned aversive
stimulus.

Anger (1963) has argued that the removal of conditioned

aversive temporal stimuli (CATS) maintains avoidance responding.
According to this theory, longer postresponse (PRT) and postshock
(PST) times are more aversive due to their correlation with shock.
Avoidance responses change these temporal stimuli to less aversive
values (short PRTs and PSTs).

IRT/OPP statistics in this situa

tion should show a systematic increase in the probability of longer
IRTs (those which approximate the Response-Shock interval in length).
This is based on the assumption that the more closely the PRT
approximates the length of the Response-Shock interval, the more
aversive it becomes; therefore, the more reinforcing its termination.
Sidman (1962) has proposed that the reinforcer for avoidance respond
ing is the reduction in shock density caused by the avoidance response.
According to Sidman (1966), efficient avoidance behavior may develop
long before the temporal discrimination develops.

Anger’s theory

thus encounters problems in accounting for the acquisition of
avoidance behavior.
There are seemingly many factors involved in both the acquisi
tion and maintenance of avoidance responding in the free operant
avoidance procedure.

The present series of experiments attempted to

determine the degree to which the species specific defense reaction
hypothesis was appropriate to lever pressing in free operant avoidance.
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8
METHOD

Subjects
The subjects were 24 experimentally naive male albino rats,
approximately 120 days old.

Subjects were individually caged and

had access to food and water at all times outside the experimental
chamber.
Apparatus
The experimental chamber consisted of a modified Skinner box
which measured 6 3/4 in. x 5 5/8 in. x 9 3/8 in. with a grid floor.
The grid floor was constructed of 5 5/8 in. stainless steel rods
inserted between the two ends and spaced 5/8 in. apart (Dinsmoor, 1958).
Two response levers (an escape lever and an avoidance lever) of
2 1/8 x 7/8 in. aluminum projected into the test chamber.

Depression

of either lever, which required approximately 25 grams pressure,
produced an audible click with each lever producing a slightly different
click sound.

The levers were mounted side by side 4 in. above the

grid floor, and 1 1/4 in. apart.

During the first two sessions, a

1/4 in. barrier 5 1/2 in. long x 3/4 in. wide was centered between
the two levers and perpendicular to the grid floor.

For all subse

quent sessions, a second barrier was added which provided a projection
of 1.5 in. separating the levers.
Above each lever was an opening of approximately 1 in. x 2 1/2
in. with recessed barriers to prevent the animal's escape through
the openings.

These openings could be opened or closed separately by

adjusting a steel partition.

A picture of the inside of the chamber

is presented in Fig. 1.
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Figure 1
The inside of the experimental
chamber.
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A constant power shock source was used to provide the shock
stimulus through a grid alternator which scrambled grid polarities.
A variable power transformer determined the 12 volt input into a step
up transformer rated at 1030 volts at 117 volts input voltage.
combination yielded an output of 123 volts a.c..

This

A 50,000 ohm

resistor was programmed in series with the animal.

The walls, levers

and grid floor were included in the shock circuit.
Two 6 watt pilot lights provided illumination.

These lights

were illuminated when the session began and remained on throughout
the entire session.

A blower was used for the purposes of cooling

the chamber and providing white noise.
within a sound attenuated enclosure.

The response chamber was located
The experimental chamber and

programming equipment were located in separate but adjacent rooms.
Electromechanical equipment was utilized to program the modified
Sidman avoidance procedure and to record data.

The following data

were recorded from electrical impulse counters and running time meters:
correct avoidance responses, incorrect avoidance responses, total
escape responses, correct escape responses, time in shock and time not
in shock (or total time spent in the Avoidance-Shock interval).

A

Gerbrands cumulative recorder and an Esterline Angus event recorder
provided supplementary data.

IRT/OPP were determined from the event

records.
Procedure
All subjects were trained on a modified Sidman avoidance pro
cedure.

Responses on the avoidance lever in the absence of shock
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postponed the onset of shock for a period of 60 seconds (AvoidanceShock interval).

Avoidance responses during shock delivery were

ineffective and defined as incorrect avoidance responses.

Failure to

respond during the Avoidance-Shock interval resulted in shock delivery
at the completion of the 60 second interval.

Shock delivery could

be terminated onlv by a response on the escape lever.

Thus the

procedure would be considered as having a Shock-Shock interval of zero
and no fixed shock duration.

Shock onset would recur every 8 seconds

(Escape-Shock interval) following the previous response on the
escape lever if no correct response on the avoidance lever occurred.
All sessions were 2 hours in duration and were conducted daily.
For the first two sessions, only one barrier separated the two
response levers.

A second barrier was added to the apparatus for each

subject's third and all subsequent sessions.

Previous data had indi

cated that insertion of the second barrier at this point was mini
mally disruptive.

This barrier was utilized to prevent the subjects

from responding on both levers simultaneously, although the addition
of the second barrier was not made until the third session in order
to prevent any disruption in acquisition as a function of the animal's
inability to move easily between the response levers.
Table 1 lists the number of sessions the subjects were exposed
to each apparatus condition.

For the closed control group, the

openings behind both levers were closed.

An opening behind the escape

lever was displayed throughout training sessions for the escape group.
For the avoidance group, an opening was displayed behind the avoidance
lever.

The open control group had openings displayed behind both levers.
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TABLE 1

GROUP

CLOSED
CONTROL

APPARATUS
CONDITION

c
L

C
L

0

0

S
E

S
E

D

D

OPEN
CONTROL

ESCAPE

0

0

0

P
E
N

P
E
N

P
E
N

Subj .

Sess.

Subj.

CC-302
CC-303
CC-304
CC-305
CC-306
CC-307

10
10
10
5
5
5

OC-201
OC-202
.OC-203
OC-204
OC-205
OC-206

Sess.
10
10
10
5
5
5

AVOIDANCE

C
L

C
L

0

0

S
E

E

D

D

s

0
P
E
N

Subj .

Sess.

Subj .

Sess.

E-401
E-402
E-403
E-407
E-408
E-409

10
10
10
5
5
5

A-101
A-10 2
A-103
A-10 4
A-105
A-10 6

10
10
10
5
5
5
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RESULTS

Figure 2 shows the mean avoidance ratios for each group over
sessions.

This ratio was calculated by subtracting the number of

avoidance responses that ended in shock from the total number of
avoidance responses, and dividing this difference by the total number
of avoidance responses.

An avoidance ratio of 1.0 would indicate that

each avoidance response during a session was followed by a subsequent
avoidance response.

An avoidance ratio of 0.0 would indicate that

each avoidance response terminated in shock delivery.

The main

advantage of this measure is that it provides data relative to the
consistency of the avoidance behavior.
affected also by response bursts.

However, the measure can be

These bursts, a series of rapid

responses on the avoidance lever following shock termination, lead to
an increase in the total number of responses not ending in shock and
a higher avoidance ratio, but they are not usually considered indica
tive of effective avoidance behavior.
The avoidance ratio curves in Fig. 2 for sessions 1 through 5
represent the mean values for all six subjects in each group, while the
curves for sessions 6 through 10 represent the mean value for the
three subjects from each group that were exposed to 10 training
sessions.

Inspection of the curves revealed an increase in mean

avoidance ratios for both the closed control and open control groups
over the first 5 sessions.

By the end of session 5, decreases in the

mean avoidance ratios were noted for both the escape and the avoidance
group.

Mean ratio values for the fifth session were .79 for the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 2
The mean avoidance ratio for each group
(open control, closed control, escape and avoidance)
as a function of sessions.
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closed control group, .77 for the open control group, .57 for the
avoidance group and .54 for the escape group.
Data from sessions 6 through 10 confirmed these trends indi
cating superior performances by the open and closed control groups.
In the final session, the mean avoidance ratio for the closed control
group was .87 and .80 for the open control group.

Final session

values of .60 and .40 were obtained for the escape and avoidance
groups respectively.
Figure 3 shows the mean Interresponse time per Opportunity
(IRT/OPP) curves for the four groups.
I of 11 bins.

The IRTs were distributed in

The first 10 bins were temporal intervals representing

6 second periods of the 60 second Avoidance-Shock interval.

The

eleventh bin included all avoidance responses that terminated in shock
delivery.

IRT/OPPs were calculated by dividing the number of IRTs in

a given bin by all IRTs which were greater than or equal to that bin.
For example, to determine the probability for the first bin, the number
of IRTs within that bin was divided by the total number of IRTs in all
II bins.

To determine the probability for the second bin, the number

of IRTs within that bin was divided by the total number of IRTs
in bins 2 through 11, since responses which produced an IRT of 6
seconds or less, bin 1, did not have the opportunity to produce a
longer IRT, bins 2 through 11.

Effective avoidance behavior is char

acterized by a positively accelerated curve with few post-shock
responses and an increasing number of responses just prior to shock
onset.
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Figure 3
The mean IRT/OPP curves for each group
(open control, closed control, escape and avoidance).
The figure to the left shows the IRT/OPP curves for session 5;
the figure to the right shows the IRT/OPP curves for session 10.
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The figure to the left presents the four mean IRT/OPP curves
for session five.

Each curve represents the mean IRT/OPP curve for

the six subjects in a treatment group.

The figure to the right

presents the four mean IRT/OPP curves for session 10 based on the three
subjects for each treatment group exposed to 10 training sessions.

The

curves for the fifth session show highest probability of an IRT in the
first bin (0 through 6 seconds) for all four groups.

Probability

values were higher for the closed and open control groups than for the
escape and avoidance groups in all bins except for the final two.

In

the last two bins, probabilities were nearly equivalent for all four
groups.
The curves for session 10 revealed a shift in the probabilities
towards longer IRTs, and a decrease in shorter IRTs for both the
closed and open control groups.

The decrease in short IRTs over

sessions 6 through 10 for these groups indicates that bursting was not
prevalent and contributed little to the avoidance ratio values.
Increases in avoidance ratio values presented in Fig. 2 for the open
and closed control groups over sessions 6 through 10 thus reflect
increased quality of performance.
Probabilities for the avoidance group decreased in all of the
bins except one, where the probability remained the same.

The high

probability of an IRT of 6 seconds or less indicated contamination of
the avoidance ratio curve presented in Fig. 2 for this group as a
function of bursting.
Probabilities of IRTs increased in the time intervals ranging
from greater than zero seconds to less than 25 seconds for the escape
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group.

However, the probability of an IRT of greater than 25 seconds

decreased.

This increase in the probability of shorter IRTs with a

decrease in the probability of longer IRTs indicates some contamina
tion of the avoidance ratio values for this group as presented in Fig. 2.
Figure 4 shows the cumulative records for each of the six subjects
in the closed control group for the fifth session.

While the maximum

avoidance performance would require only one response near the
end of the Avoidance-Shock interval, good avoidance behavior is char
acterized by continuous avoidance responding and the receipt of a
small number of shocks.

Three of the subjects (CC-303, CC-306 and

CC-307) showed continuous patterns of avoidance responding, although
the records also show the occurrence of incorrect escape responding,
as indicated by the event pen at the base of the curve.

Subjects

CC-302 and CC-304 showed short but continuous periods of avoidance
responding, although CC-304 had a high rate of bursting.

The per

formance of CC-305 showed only 3 short periods of avoidance responding.
Figure 5 shows the cumulative records obtained from the fifth
training session for the open control group.

Subjects OC-201, OC-203,

OC-205 and 0C-206 demonstrated continuous avoidance behavior.

Subjects

OC-202 and OC-204 showed only a few short periods of avoidance
responding.

Incorrect escape responding, indicated by the event pen,

was evident for subjects OC-201, OC-204 and OC-205.

Subjects OC-201

and 0C-203 showed a warm-up on the escape lever followed by a warm-up
on the avoidance lever prior to avoidance responding.
Figure 6 shows the fifth session performance for subjects in
the escape group.

Subjects E-402 and E-408 demonstrated no avoidance
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Figure 4
The cumulative records for each of the six subjects
in the closed control group for the fifth training session.
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Figure 5
The cumulative records for each of the six subjects
in the open control group for the fifth training session.
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Figure 6
The cumulative records for each of the six subjects
in the escape group for the fifth training session.
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behavior, and subjects E-401 and E-403 showed only a few short periods
of avoidance responding.

Subjects E-407 and E-409 showed continuous

patterns of avoidance responding accompanied by incorrect escape
responding.

The cumulative records indicated bursting for subjects

E-403, E-407 and E-409.
Figure 7 shows the cumulative records obtained from the fifth
training session for the avoidance group.

Subjects A-101, A-102,

A-103 and A-106 demonstrated little or no avoidance behavior, while
subjects A-104 and A-105 showed periods of avoidance responding.

The

cumulative records indicated bursting for subjects A-103, A-105 and
A-106.

DISCUSSION

This study was designed to determine whether the acquisition of
avoidance behavior would be facilitated by simulated escape routes
behind the response levers.

The results of experiment 1 indicated that

a superior avoidance performance was achieved by the majority of
subjects trained in the closed control (with no escape routes) and open
control conditions (with escape routes behind both levers).

The

majority of subjects trained in the avoidance and escape groups showed
little or no avoidance behavior.
The mean avoidance ratio values increased over time for subjects
in the open control and closed control groups, while decreases in mean
avoidance ratio values were obtained for the escape and avoidance
groups.

Inspection of performances from cumulative records indicated

that the majority of subjects in both the open and closed control
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Figure 7
The cumulative records for each of the six subjects
in the avoidance group for the fifth training session.
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groups were avoiding shocks with some effectiveness, while the majority
of subjects in the escape and avoidance groups showed few periods of
avoidance responding or were "post-shock responders" (Stone, 1966).
IRT/OPP calculations from the fifth session indicated the absence of
a positively accelerated curve for all four groups, although probabili
ties were higher for the open and closed control groups in almost all
bins.

IRT/OPP calculations obtained from session 10 indicated an

approximately equal distribution of interresponse times for the open and
closed control groups.

The high probability of short IRTs and the

absence of a positively accelerated curve were apparent for the escape
and avoidance groups.
The cumulative records also indicated variability in performance
within each group.

Differences in response rates, the occurrence

of bursting, warm-up and incorrect escape responding were evident.
Weissman (1962) presented cumulative records showing similar differ
ences between subjects in response rates, shock rates, warm-up and
post-shock bursting.

The failure of some subjects in the open and

closed control groups to learn shock avoidance and the acquisition of
avoidance behavior by certain subjects in the escape and avoidance
groups provides further evidence of variability.

To attribute these

differences entirely to subject variability negates the relevance of
almost all factors involved in the acquisition of avoidance behavior
and could not account for the differences observed between the groups.
The variability within groups and the differences between groups lends
support to two theories proposed by Sidman (1960, 1966).
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Sidman has stated that all behavior is governed by local con
tingencies.

That is, changes in local contingencies are a function

of an interaction between behavior and the environment.

The contin

gencies that maintain behavior are often altered by the behavior which
they produce.

According to Sidman (1960), variability in behavior may

arise because the behavior changes its own controlling conditions.
Behavior generated by certain local contingencies may also persist
for some time following the alteration of those particular local
contingencies.

This hypothesis is certainly applicable to the free

operant avoidance situation.

In a Sidman avoidance procedure combined

with an escape contingency, one organism may learn to terminate the
initial shock very quickly, while another subject may be exposed to
a long delivery before shock is terminated.

Each organism will

subsequently have an immediately differing history in the avoidance
situation, and this initial difference in local contingencies will
generate different patterns of avoidance responding.

These initial

differences may strongly influence subsequent acquisition of avoidance
responding or failure to develop shock avoidance behavior.

According

to Sidman (1966), a further source of variability may stem from the
delay in reinforcement for the avoidance response.

This delay makes

it difficult for the organism to discriminate those aspects of its
behavior which have resulted in successful shock avoidance.
Figure 8 shows segments of event records obtained during the
first training session for two subjects.

Changes in local contingencies

generated by the organism's behavior and the effect of these changes
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Figure 8
Segments of event records obtained during the first training
session for subjects A-102 and CC-302.
The event records are read from right to left.
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upon subsequent behavior are evident.

For instance, the occurrence

of incorrect avoidance responding during initial shock deliveries
(shown at letters A, B, C and D) results in long duration shocks for
subject A-102.

This incorrect avoidance responding and avoidance lever

holding is followed by a shift to holding of the escape lever (B, C
and D).

Subsequent behaviors again include responses on the avoidance

lever (E, F and G).

The event record also shows that post-shock

bursting occurred on the avoidance lever.

This is contrary to Boren’s

(1961) finding that post-shock bursts occurred on the escape lever.
Subject C-302 showed a slightly different pattern of responding.
Incorrect avoidance responding occurred at A and B.

The resultant long

shock duration was followed by escape lever holding (B).

Shock ter

mination (by a response on the escape lever) at A, C and D was followed
closely by an avoidance response.

This pattern of responding occurs

again at E, F and G and is followed by alternate responses to the escape
and avoidance levers (H) in the absence of further shock delivery.

The

organism's behavior at E has changed the environment from shock to no
shock, and this environmental change has resulted in a modification of
the pattern of responding.
The fact that the majority of subjects in the open and closed
control groups developed avoidance behavior, while those in the escape
and avoidance groups did not, lends some support to Bolles' (1971)
species specific defense reaction hypothesis.

Observation of event

records showed that in the initial part of the first session, subjects
in the escape group showed lever holding almost exclusively on the
escape lever, indicating a preference for this lever, followed by a
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subsequent first session shift to avoidance lever holding.

It may have

been the case that the opening behind the escape lever came to function
as a conditioned aversive stimulus associated with a greater shock
density than the avoidance lever.

Subjects in the avoidance group

showed a tendency to hold the avoidance lever during this initial session.
This would subsequently result in incorrect avoidance responding
and consequently greater time spent in shock.

It seems difficult to

explain the subsequent failure of these subjects to develop avoidance
behavior entirely as a function of the apparatus condition, as some
subjects in the open and closed control condition showed similar
failures.

Such an explanation would neglect the alterations in local

contingencies produced by the subject's own behavior and thus the
avoidance procedure itself.

It would seem more plausible to suggest

that for the majority of the subjects in the escape and avoidance
groups, the apparatus factor was a relevant variable which generated
certain early patterns of responding.

These early patterns of respond

ing obviously produced changes in local contingencies governing
behavior which may have hindered the acquisition of avoidance behavior.
Observation of first session event records for subjects in the open
and closed control conditions showed patterns of either simultaneous
holding of both levers or alternating patterns of lever holding (escape,
avoidance, escape, avoidance, etc.), thus indicating no specific lever
preference.

Openings behind both levers or no openings behind levers

seems to have generated early patterns of responding which altered local
%
contingencies in a manner favorable to acquisition of avoidance behavior.
Thus, although the apparatus variable appears to be relevant in
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determining acquisition of avoidance behavior, it is probably more
correct to assume that the interaction of the apparatus condition and
fluctuations in local contingencies determined subsequent patterns of
avoidance responding.

Furthermore, the failure of certain subjects

in the open and closed control conditions to acquire shock avoidance
and the acquisition of avoidance behavior by a few subjects in the
escape and avoidance groups supports Sidman's (1966) contentions that
not all subjects' behaviors will be reinforced or controlled by the
same events in the avoidance situation and that controlling sources
of reinforcement may shift during different stages of exposure to
the avoidance situation.
Results from the experiment fail to support Anger's (1963)
hypothesis regarding the reinforcement of avoidance behavior.

As

previously mentioned, no positive acceleration was found in the
IRT/OPP curves (Fig. 3) for the open and closed control groups
during the fifth or tenth session, thus implying the absence of a
temporal discrimination.

According to Anger's (1963) hypothesis, this

should also indicate the absence of avoidance behavior.

Anger contends

that the longer postresponse times and longer postshock times should
be more aversive than shorter postresponse and postshock times due
to their proximity to shock onset.

Therefore, the removal of longer

postresponse and postshock times (by the specified response) should be
more reinforcing (which would consequently result in a positively
accelerated IRT/OPP curve).

Yet the majority of subjects in the open

and closed control groups demonstrated effective avoidance behavior.
Sidman (1962) contends that the decrease in shock density produced by
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the avoidance response maintains the .avoidance performance.

As avoid

ance responding necessarily decreased shock density in the present
procedure, Sidman's (1962) hypothesis appears more plausible in regards
to the acquisition of escape-avoidance behavior.
The purpose of the second experiment was to determine whether
subjects from the escape and avoidance groups who had failed to
develop effective avoidance behavior would subsequently learn if
re-exposed to the free operant avoidance procedure with the open
control conditions.

The purpose of the delay preceeding re-exposure

was to weaken the patterns of avoidance behavior developed under
previous apparatus conditions.

EXPERIMENT II

Method

Subj ects
The subjects were the six male albino rats, approximately 120
days old, who had composed the escape group in the previous experiment
and the six male albino rats of the same approximate age who had
composed the avoidance group in the previous experiment.

Subjects were

caged individually and had access to food and water at all times out
side the experimental chamber.
Apparatus
The programming equipment was the same as the system described
for the first experiment.
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Procedure
All subjects were exposed to 5 sessions under the open control
conditions of the first experiment, i.e., openings behind both levers
were displayed consistently.
conducted daily.

Sessions were 2 hours in length and

Behavior of the subjects under the open control

condition was compared with results obtained from the same subjects
during the previous experiment.

The length of time from the termina

tion of initial training to exposure to the open control condition
varied within each group.

For subjects E-401, E-402, E-403, A-101,

A-102 and A-103, a total of 22 days elapsed.

For subjects E-407,

E-408, E-409, A-104, A-105 and A-106, 19 days elapsed between the
end of training sessions and exposure to the open control condition.
Two barriers were mounted between the levers throughout the experiment.

RESULTS

The avoidance ratios for all sessions of the avoidance condition
and the 5 sessions of the open control condition are presented in
Figure 9 for the six animals to show the changes in the ratio for
each animal following the exposure to the open control conditions.
Four of the subjects (A-102, A-103, A-105 and A-106) showed an
immediate increase in the avoidance ratio following the introduction
of the open control procedure.

These ratios were improved or at least

maintained throughout the open control condition.

Subject A-104

showed an initial decrease (from .75 to .34) followed by an increase
in avoidance ratio values as the open control progressed.

Subjects
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Figure 9
The avoidance ratios for all sessions of the avoidance condition
and the 5 sessions of the open control condition
for the six subjects from the avoidance group.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

41
A — 114

A -1 1 1

J2£L

1 2 3 4 5 I 7 I

1

I II I J 1 4

2

3

4

5

1

2 3 4 5

A — IB

A -IB

£XL
H
<

CC
UJ

o
2

<

Q
O
>
<
1 2 J 4 5 I

7 I

I II 1 J 3 4 5

12)45
A -

A -IB

)

IB

1.0n

1 2 3 4 5 I

7 I

12)4

I 10 1 2 J

1

SESSIONS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

)

5

42
A-105 and A-106 showed an increase over the final training session
values, although performance during open control conditions did not
reach the quality it had previously reached in some training sessions.
Subject A-101 showed no change in the quality of performance.
Figure 10 shows the cumulative records for the final session
in the avoidance condition (1) , the first session in the open control
condition (2) and the final open control session (3) for two of the
subjects in the avoidance group.

These curves represent the two

extremes in the obtained performances following exposure to open
control conditions.

As shown by the avoidance ratio data in Fig. 9,

subject A-101 showed no change, in the pattern of avoidance responding,
while subject A-103 showed an immediate improvement in avoidance
behavior during the first session of the open control condition.

This

improved performance was maintained throughout the open control sessions.
Four other subjects from the avoidance group (A-102, A-104, A-105
and A-106) showed similar improvements (in avoidance behavior),
though of varying degree, during the open control sessions.
The avoidance ratio for all sessions of the escape condition
and the 5 sessions of the open control condition are presented in
Figure 11 for the six animals to show the changes in the ratio for
each animal after the exposure to the open control conditions.

Four

subjects (E-403, E-407, E-408 and E-409) demonstrated immediate and
sustained increases in avoidance ratio values compared to the values
obtained during training on the escape condition.

Subject E-401

showed an initial increase (from .66 to .81) followed by a decreased
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Figure 10
Cumulative records for the final training session (1) of the
avoidance condition and the first (2) and final (3)
open control session for subjects A-101 and A-103.
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Figure 11
The avoidance ratios for all of the escape sessions
and the 5 open control sessions for the six subjects from the
escape group.
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quality of performance, while the avoidance ratio for subject E-402
was similar to that obtained during exposure to the escape condition.
Figure 12 shows the cumulative records for the final session in
the escape condition (1) and the first (2) and final (3) sessions of
the open control condition for two of the subjects in the escape group.
These curves represent the two extremes of performance following
exposure to open control conditions.

In general, the patterns of

responding in the open control following the escape condition were
found to be similar to those presented in Fig. 10, which represent
the patterns in open control following avoidance conditions.

Subject

E-402 showed relatively little change in avoidance behavior over the
3 sessions.

Subject E-408, however, showed a marked improvement in

avoidance responding in the first open control session which continued
throughout open control sessions.

Three other subjects from the escape

group (E-403, E-407 and E-409) showed similar improvements in avoidance
behavior, though of varying degrees, following exposure to open
control conditions.
Figure 13 shows the final session (1) of the escape condition
and the first (2) and final (3) open control sessions for subject
E-401.

This subject showed periods of avoidance responding during

the final session of the escape condition, and a slight improvement
of performance was observed during the first exposure to the open
control condition.

A deterioration of performance subsequently

occurred, however, which was reflected in the cumulative record for
the final (3) open control session.
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Figure 12
Cumulative records for the final session in the escape condition (1) and
the first (2) and final (3) sessions of the open control
condition for subjects E-402 and E-408.
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Figure 13
Cumulative records for the final session in the escape condition (1)
and the first (2) and final (3) sessions of the open control
condition for subject E-401.
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DISCUSSION

The present experiment attempted to determine whether subjects
in the escape and avoidance groups from the first experiment would
learn more effective avoidance behavior if re-exposed to the avoid
ance situation under open control conditions.

The results showed

immediate increases in avoidance ratio values following exposure to
the open control condition for the majority of subjects in both
groups.

Cumulative records for subjects E-408 and A-103 demonstrate

an immediate improvement of avoidance performance.

Two subjects,

A-101 and E-402, however, showed no change in avoidance behavior,
while a third subject (E-401) showed a deterioration of performance
during the open control sessions.
The acquisition of effective avoidance behavior by the majority
of subjects in the escape and avoidance groups when subsequently
exposed to open control conditions provides both a replication of the
results obtained in the first experiment and further support for
Bolles' (1971) species specific defense reaction hypothesis.

The

contention that these subjects learned to avoid simply as a function
of extended exposure to the avoidance procedure seems improbable for
two reasons.

First, most of the subjects showed the improvement during

the initial open control session, and this improvement was sustained
for the remainder of the open control sessions.

Secondly, (it was

noted during the course of the first experiment) that few changes
in the pattern of responding ever occurred after the fifth session.
Thus, there was no reason to expect any alterations in response patterns
simply as a function of extended exposure to avoidance training.
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As in the previous experiment, the changes in local contin
gencies generated by the behavior in the avoidance situation cannot
be ignored.

It is possible that previous patterns of avoidance respond

ing were weakened by the extended time that elapsed between the final
training session and the initial open control session, and that
re-exposure to the avoidance procedure with openings behind both levers
resulted in early patterns of responding (differing from previous
patterns) producing changes in local contingencies which favored the
acquisition of avoidance behavior.
supports this interpretation.

Evidence from event records

Figure 14 shows a segment of the event

record from the terminal portion of the final escape session (1)
and the initial portion of the first open control session (2 and 3)
for subject E-408.

Record 1 shows the occurrences of incorrect escape

responding (A, B, C, D, E and F) and alternating patterns of lever
holding (escape, avoidance, etc.) resembling the performance shown in
Figure 8 for subject A-102.

With exposure to open control conditions

(2), a completely different pattern of responding is generated.

This

new pattern (2) initially resembles post shock responding (Stone,
1966).

The increasing frequency of avoidance responses (2 at A,

3 at B) results in a change in the environment (decreased shock
frequency), which results in a further increase in effective avoidance
behavior (record 3, to the left of the dashed line).

The acquisition

of avoidance behavior with this procedure thus appears to involve an
interaction of the apparatus condition and fluctuations in local
contingencies.
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Figure 14
Segments of the event records obtained from the terminal
portion of the escape session (1) and the initial portion
of the first open control session (2 and 3) for subject E-408.
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The failure of two subjects to show improvements in avoidance
performance could be attributed to several factors:

the delay of

reinforcement for the avoidance response (Sidman, 1966), the failure
of previous patterns of responding to drop out of the subject's
response repertoire, the failure of the new apparatus condition to
generate early changes in the pattern of responding or an interacting
effect of these variables.

The failure of these two subjects to show

an improved performance adds strength to SidmanTs proposal (1966)
that different sources of reinforcement may control the behavior of
different subjects.

The reasons for the deterioration of avoidance

performance shown by subject E-401 are not clear.
The final experiment attempted to determine whether acquisition
of avoidance behavior could be accomplished within a single session
by manipulating the apparatus conditions at specified intervals within
the session.

The sequence of apparatus conditions was based on the

results of the two previous experiments.

EXPERIMENT III

Method

Subjects
The subjects were twelve experimentally naive male albino rats,
approximately 90 days old.

Subjects were caged individually with food

and water available at all times outside the experimental chamber.
Apparatus
The programming equipment was the same as the system described
for the first experiment.
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Procedure
Six subjects (S-l, S-2, S-3, S-4, S-5 and S-6) were exposed to
three conditions within a single session which lasted for approximately
6 hours and 10 minutes.

Throughout the entire session the modified

Sidman avoidance procedure described in experiment 1 was in effect.
For the first 2 hours of the session, there was an opening only
behind the escape lever.

Following the completion of the first 2 hour

interval, a 5 minute time out occurred during which the apparatus
conditions were changed.

For the second 2 hour interval, there was

an opening behind both the escape and avoidance levers.

Following

the completion of the second 2 hour interval, another 5 minute time
out occurred in which the final apparatus manipulation was made.
For the final 2 hour interval, the opening behind the escape lever
was concealed, while the opening behind the avoidance lever remained
open.
The remaining six subjects (S-7, S-8, S-9, S-10, S-ll and S-12)
served as a control group.

Each subject was exposed to a single

session which lasted for approximately 6 hours and 10 minutes.
Throughout the entire procedure the modified Sidman avoidance procedure
was in effect.

For the duration of the entire session, the openings

behind both levers were closed.

Following the completion of both the

first and second 2 hour interval, a 5 minute time out occurred.
The chamber enclosure door was opened as was necessitated for apparatus
manipulation, however, no apparatus manipulations were made.

One

barrier separated the two response levers throughout this experiment.
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RESULTS

Figure 15 shows the avoidance ratio values for each 2 hour
interval (la, lb and lc) of the single 6 hour session.

The figure to

the left shows the avoidance ratio values for the six subjects
exposed to changes in apparatus conditions during the session.

The

figure to the right shows the avoidance ratio values for six subjects
obtained during sessions when no apparatus manipulations were made.
All six subjects exposed to apparatus changes during the course of
the session showed increases in avoidance ratio values when the first
and third 2 hour intervals are compared.

One subject, S-l, showed

a slight decrease (from .73 to .68) during the second 2 hour interval;
but the increase during the third 2 hour interval (from .68 to .88)
was well above the initial 2 hour interval.

The most substantial

increase was observed for S-5 who showed avoidance ratio values of
.38, .71 and .90 during the first, second and third 2 hour intervals
respectively.
Data obtained from subjects exposed to no apparatus manipulation
were extremely variable.

Two subjects (S-10 and S-12) showed overall

increases during the session.

Two subjects (S—7 and S-8) showed

decreases in avoidance ratio values during the session.

S-9 showed

a decrease during the second 2 hour interval followed by an increase
during the third 2 hour interval.

S-ll showed an increase in avoid

ance ratio values during the second 2 hour interval followed by a
decrease during the third 2 hour interval.
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Figure 15
The avoidance ratio values for each 2 hour interval
(la, lb and lc) of the single 6 hour session.
The figure to the left shows the avoidance ratio values for
the six subjects in the experimental group: the figure to the right
shows the avoidance ratio values for the six subjects in the control group.
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Figure 16 shows the cumulative records for S-5 (exposed to
apparatus manipulations) and S-ll (constant apparatus conditions)
for the first (la), second (lb) and third (lc) 2 hour intervals of
the session.

S-5 showed substantial improvement in avoidance respond

ing from the first to the last 2 hour intervals, as indicated by several
short periods of avoidance responding during the second 2 hour
interval and several long periods of avoidance responding during the
third 2 hour interval (lc).
S-ll showed no change in the quality of performance during the
course of the session.

The cumulative record (lb) for S-ll indicated

that the increase in the avoidance ratio value during the second 2
hour interval shown in Figure 15 was a function of post-shock bursting
on the avoidance lever.

DISCUSSION

The present experiment attempted to determine whether acquisi
tion of avoidance behavior would occur within a single session as a
function of the manipulation of the apparatus conditions at specified
intervals during the session.

Two groups of subjects were exposed to

a single 6 hour and 10 minute session.

In the experimental group,

the apparatus condition was changed at 2 hour intervals (from escape
to open control and finally to avoidance); the apparatus condition
remained the same (closed control) for the duration of the session
for the control group.

Poor avoidance performances were expected

during the first 2 hour interval (in the escape condition) for the
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Figure 16
The cumulative records for subjects S-5 and S-ll
for the first (la), second (lb) and third (lc) 2 hour intervals
of the session.
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experimental group.

Improvements in avoidance performances were

expected during the open control interval.

It was also expected that

the change from the open control to the avoidance condition would
provide the subject with an additional preference for the avoidance
lever, and result in further improvement in avoidance performance.
The purpose of including a control group was to determine whether
increases in the effectiveness of avoidance performance would have
occurred during the second and third 2 hour intervals regardless of
changes in apparatus conditions.
The results showed that all six subjects in the experimental
group showed increases in avoidance ratio values when the first and
third 2 hour intervals are compared.

Five of the subjects in the

experimental group also showed increases in avoidance ratio values
during the second 2 hour interval.

The data obtained from the subjects

in the control group were variable with no systematic trend apparent.
The results obtained from the third experiment are in agreement
with those obtained during the first and second experiments.

In

all three experiments, the majority of subjects exposed to the Sidman
avoidance procedure with the open control apparatus condition
exhibited a more effective pattern of avoidance responding than
subjects from the escape group.

In the second and third experiments,

the majority of subjects showed improvements in avoidance performance
when exposed to open control conditions following previous training
in the escape condition.

The results of all three experiments provide

support for Bolles' (1971) species specific defense reaction hypothesis.
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Simulated escape routes behind both levers generally resulted in an
improvement in avoidance performance regardless of the subject's
previous training.
It is probable that the improved avoidance performances observed
during the open control interval for subjects in the experimental
group (Fig. 16, S-5) stem from changes in the pattern of avoid
ance responding producing alterations in local contingencies (Sidman,
1960) of reinforcement more favorable to the subsequent acquisition
of avoidance behavior.

An immediate change in the pattern of avoid

ance responding during re-exposure to the avoidance procedure under
open control conditions is evident for subject E-408 (Fig. 14, event
records 2 and 3).

Data from event records obtained during the third

experiment revealed changes in the pattern of avoidance responding
for the majority of subjects in the experimental group following the
first apparatus manipulation.

The failure of one of the subjects in

the experimental group (S-6) to show changes in the pattern of
responding following the apparatus manipulation seems to be a function
of the very effective performance (avoidance ratio value of .96)
achieved during the escape interval.

The failure of the second

subject from the experimental group to exhibit this changed pattern of
responding following the initial apparatus manipulation and the
increases in avoidance ratio values during the second and third 2 hour
intervals shown by 2 subjects (Fig. 16, S-10 and S-12) may indicate
that the apparatus variable was not a relevant factor in the acquisi
tion of avoidance behavior for all of the subjects in the experimental
group.

This supports Sidman’s (1966) contention that different events
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within the avoidance situation may control the behavior of various
subjects.
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